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A FAULT ISOLATION TECHNIQUE 
FOR OPTICAL NETWORKS 

FIELD OF THE INVENTION 
[0001] The present invention relates generally to a fault isolation 
technique for optical networks and, more particularly, to a method for isolating 
faults by selectively introducing a dither control signal into the optical signal 
traversing through an optical network. 

BACKGROUND OF THE INVENTION 

[0002] Fault isolation is an essential network management function for 
optical transport networks. Optical transport networks typically employ numerous 
regenerators to remove noise and distortion from the signals propagating through 
optical networks. Regenerators may also perform signal error checking that 
enables sectionalization of errors in optical networks. In this scenario, faults may 
be isolated by checking error detection data embedded in the optical signals at 
each of the regenerators residing in an optical network. 

[0003] However, optical transport networks are beginning to employ 
partial regenerators that do not perform signal error checking. Partial 
regenerators offer a smaller footprint and less power consumption at a lower cost 
than conventional regenerators, thereby resulting in an overall network cost 
reduction. Nevertheless, if there is a signal degradation in the network, it is still 
important to be able to isolate the fault within the network. 
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[0004] Therefore, it is desirable to provide a method for isolating faults 
in an optical network employing partial regenerators. 

SUMMARY OF THE INVENTION 

[0005] In accordance with the present invention, a method is provided 
for isolating faults in an optical network having a plurality of partial regenerators. 
The method includes: transmitting an optical signal through the optical network; 
determining an error rate for the optical signal at an egress point of the optical 
network; sequentially introducing a dither control signal into the optical signal at 
each of the plurality of partial regenerators; and monitoring the error rate for the 
optical signal at the egress point of the optical network; thereby isolating where a 
fault occurs in the optical network. 

[0006] For a more complete understanding of the invention, its objects 
and advantages, reference may be had to the following specification and to the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] Figure 1 is a block diagram depicting an exemplary optical 
transport network having a plurality of partial regenerators in accordance with the 
present invention; 

[0008] Figure 2 is a flowchart illustrating a preferred embodiment of the 
methodology for isolating faults in an optical network having a plurality of partial 
regenerators in accordance with the present invention; and 
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[0009] Figures 3 and 4 are block diagrams illustrating how a dither 
control signal may be introduced into an exemplary optical regenerator in 
accordance with the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0010] Figure 1 depicts an exemplary optical transport network 10 
having a plurality of partial regenerators. For illustration purposes, a single 
channel is shown traversing the optical network 10. A first transmitter 12 may be 
used to launch the signal channel into the network. It is to be understood that a 
plurality of signal channels may be supported by the optical network. Thus, the 
first transmitter 12 is optically connected to a first multiplexer 14. The first 
multiplexer 14 is operable to combine a plurality of signal channels at different 
wavelengths into an optical data signal. 

[0011] The optical data signal can be expected to traverse several 
regenerators as it propagates through the optical network 10. In this example, 
the optical network 10 includes a first optical regenerator 16 and a second optical 
regenerator 18. Although optical regenerators are presently preferred, this is not 
intended as a limitation of the broader aspects of the present invention. On the 
contrary, it is envisioned that any partial regenerator that is unable to perform 
signal error checking is within the scope of the present invention. 

[0012] A first receiver 20, in conjunction with an error decoder 22, 
serves as an egress point for the signal channel. Prior to the receiver 20, a 
demultiplexer 24 separates the optical data signal into individual signal channels, 
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including the signal channel received by the receiver 20. The first receiver 20 
then converts the optical (channel) signal into an electrical data signal which nnay 
in turn be decoded by the error decoder 22. As will be apparent to one skilled in 
the art, various other optical components may be interposed between the 
transmitter 12 and the receiver 20. 

[0013] A fault may occur at any point along the optical network path. 
To isolate a fault, the network path may be logically divided into different network 
sections. For illustration purposes, the optical network 10 described above may 
be divided into three network sections. A first network section 32 is defined as 
the network path between the transmitter 12 and the first optical regenerator 16, 
A second network section 34 is defined as the network path between the first 
optical regenerator and the second optical regenerator 18. A third network 
section 36 is defined as the network path between the second optical regenerator 
18 and the receiver 20. 

[0014] In accordance with the present invention, a method is provided 
for isolating faults in an optical network having a plurality of partial regenerators. 
Briefly, a baseline error rate is determined for an optical signal traversing through 
the optical network. The error rate may be derived from error detection data 
embedded in the optical signal as is well known in the art. For example, error 
detection data may be embedded in the B1 byte of a data frame in accordance 
with the SONET communication protocol, 

[0015] A dither control signal is then sequentially introduced into the 
optical signal at various points along the optical path. By monitoring the error 
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rate of the optical signal at the egress point of the optical network, the occurrence 
and/or location of a fault nnay be isolated within the optical network. When a 
forward error correction schenne is employed, it is envisioned that the number of 
corrected errors in the optical signal may alternatively be measured and 
monitored in order to isolate a fault with the optical network. 

[0016] Specifically, the dither control signal is first introduced into a first 
signal channel, Xi, at the transmitter 12. If there is not a fault in the first network 
section 32, then the error introduced into the signal channel is "cleaned up" by 
the first optical regenerator. As a result, the error rate of the optical signal 
measured at the egress point will be on the same order as the baseline error 
rate, thereby indicating that a fault does not exist in the first network section 32, 
Conversely, if there is a fault in the first network section 32, then the error is 
exaggerated by the fault before it reaches the first optical regenerator. As a 
result, the error rate of the optical signal measured at the egress point exhibits a 
meaningful deviation from the baseline error rate, thereby indicating that a fault 
does exist in the first network section 32. 

[0017] Likewise, a dither control signal may be sequentially introduced 
into a first signal channel, at each of the optical regenerators. By monitoring 
the error rate of the optical signal in a similar manner, a fault occurring in the 
second network section 34 and/or third network section 36 may also be identified 
in the optical network. It is envisioned that dither control signals may be 
introduced at other applicable optical devices in the optical network path. While 
the above description has been provided with reference to one signal channel, 
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X^, it is readily understood that the process may be repeated for each of the 
signal channels embodied in the optical signal. 

[0018] A preferred implementation of this methodology is provided in 
Figure 2. An error rate is periodically measured for the optical signal traversing 
the optical netiA^ork as shown at 42. Specifically, the error rate is expressed as 
Q, where Q is related to the bit error rate (BER) as is well known in the art. The 
measured Q serves as a baseline value for subsequent processing. When 
employing a forward error correction scheme, Q can be calculated from the 
corrected error rate. It is envisioned that other metrics may be used to provide 
an indication of the error rate of the optical signal. 

[0019] The measured Q is then compared at step 44 with a 
predetermined threshold error rate, Qthreshoid, that is indicative of a fault in the 
optical network. When the measured error rate is less than or equal to the 
predetermined threshold error rate, then there are no apparent faults in the 
network and processing returns to the start of the methodology. Conversely, 
when the measured error rate exceeds the predetermined threshold error rate, 
then processing continues. 

[0020] Next, a dither control signal is applied to the optical signal at the 
transmitter as shown at step 46. An error rate for the optical signal is measured 
48 at the egress point of the optical network, and then stored 50 in a data storage 
device. The error rate value is preferably stored in conjunction with an indicator 
of where the dither control signal is being is applied in the optical network. Once 
the error rate has been measured, the dither control signal is no longer applied to 
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the optical signal at the transmitter as shown at step 52. Techniques for 
introducing a dither control signal into an optical signal at a transmitter are readily 
known to one skilled in the art. 

[0021] The dither control signal is then sequentially introduced at a first 
partial regenerator located downstream from the transmitter in the optical path as 
shown at step 54. An error rate for the optical signal is measured 56 at the 
egress point of the optical path, and then stored 58 in the data storage device. 
As noted above, the error rate value is stored in conjunction with an indicator of 
the partial regenerator where the dither control signal was introduced into the 
optical network. Once the error rate has been determined, the dither control 
signal is no longer applied to the optical signal at that particular partial 
regenerator as shown at step 60. The above described process is repeated at 
step 62 for each of the partial regenerators residing in the optical path. 

[0022] After a dither control signal has been sequentially introduced at 
each of the partial regenerators, the stored error rate data may be evaluated at 
step 64 against the baseline error rate value. In this exemplary embodiment, a 
fault is deeme^d to exist in the network section located downstream from the 
optical device exhibiting the largest stored error rate value. More specifically, the 
fault occurs on the network section between such optical device and the next 
partial regenerator residing in the optical path. However, it is readily understood 
that other more sophisticated assessment techniques may also be applied to the 
stored error rate data, thereby yielding additional fault isolation information for the 
optical network. 
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[0023] Figures 3 and 4 illustrate how a dither control signal nnay be 
introduced into exemplary optical regenerators. In Figure 3, a first exemplary 
optical regenerator 70 includes a splitter 72, a clock recovery unit 74, a phase 
modulator 76, and a variable gain amplifier 78. One skilled in the art will readily 
recognize that a dither control signal may be introduced into the signal channel 
by slightly vanning the gain of the amplifier, thereby varying the amplitude of the 
signal channel. This embodiment represents a synchronized phase modulator or 
soliton controller type of partial regenerator. 

[0024] In Figure 4, a second exemplary optical regenerator 80 includes 
a clock recovery unit 82, a laser diode 84, a pulse source 86, and two 
semiconductor optical amplifiers 88 and 90. These optical components are 
interconnected by various signal splitters and couplers in a configuration well 
known in the art. In this example, a dither control signal may be introduced into 
the signal channel by slightly varying the gain of one of the amplifiers, thereby 
varying the amplitude of the signal channel. Alternatively, a dither control signal 
may be introduced into the signal channel at the clock recovery unit 82. In this 
case, the phase of the signal channel may be varied as is well known in the art. 

[0025] While the invention has been described in its presently preferred 
form, it will be understood that the invention is capable of modification without 
departing from the spirit of the invention as set forth in the appended claims. 
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